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1 
This invention relates to modulating methods 
and apparatus, and more particularly fo methods 
and apparatus adapted to generate and transmit 
signals having predetermined recurrent fre- 
quency sequences. 
2-is invention relates fo copending application 
No. 740,693, in the name of David E. Kenyon, 
121ed April i0, 1947 for a radio beacon naviga- 
tion system and discloses herein transrnitting 
and modulating methods and means adapted fo 
be used with such a system. 
2-e present invention is directed towards pro- 
Viding novel modulating and transrnitting means, 
for such a beacon system, which are capable of 
generating and transmitting signals character- 
ized by predetermined recurrent frequency 
quences, said signals being adapted to be received 
by panoramic receivers. 
Accordingly the principal object oï the inven- 
tion is fo transmit signals, characterized by pre- 
determined recurrent frequency sequences, which 
are adapted fo be received by panorarnic receiv- 
ing means. 
Another object of the invention is fo provide 
modulating means adapted fo produce said fre- 
quency sequences. 
Another object of the invention is fo provide 
means fo automatically transmit modulations 
representing recurrents codes of any two or three 
letter combination of dors and dashes. 
Another object of the invention is to auto- 
matically transmit signals having predetermined 
frequency sequences representing any desired 
identLfication signal in dors or dashes. 
The invention will be more fully explained in 
connection with the following figures wherein: 
Fig. 1 is a schematic diagram illustrative of a 
system adapted fo use the invention; 
Fig. 2 is a chart il]ustrative of the princip!es 
of the invention; 
Fig. 3 is a block schernatic diagram o£ an em- 
bodirnent of the invention; 
Fig. 4 is a schematic diagram of a novel mod- 
nlator used in the invention; 
Fig. 5 represents wave forms fllustative of the 
operation of the embodimcnt of Fig. 4; 
Fig. 6 is a chart fllusbratve of the operation of 
the invention; 
Fig. 7 is a_uother embodiment oï the invention. 
leferring fo Fig. ! there is shown a beacon 
transmitting station apparatus und the craft re- 
ceiving apparatus. The beacon station comprises 
a tra.nsrnitter $, operably connected to a- modula- 
tor 4, and to an omnidirectional antenna . The 
transrnitter rnay be low or mediurn power, ïor in- 
stance, in the microwave frequency banal, a 
klystron tube may be used as the power oscil- 
lator. The modulator 4 is adapted to frequency 
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which may be for purposes of illustration a letter 
in conventional Morse code. The omnidirection- 
al antenna  may be a simple dipole for high 
frequency operation, and if should be mounted 
5 high enough fo provide a desirable line of sight 
range. 
The craft radio beacon receiving means com- 
prises a beacon receiver |, operatively connected 
to a directional antenna ], which is adapted fo 
I0 be rotated, and an indicating means . operably 
connected fo the output of a beacon receiver .|. 
The beacon receiver | is Of the panoramic type, 
that is, ifs frequency is adapted to be periodical- 
ly swept through a frequency hand. A prefer- 
1.5 red form of the indicating means 2' may be a 
cathode ray tube of the type using plan position 
(PPI) indication. The indicator  sweep voltage 
" is synchronized with the panoramic sweep volt- 
age of the beacon receiver . 
 As pre,viously mentioned, the beacon transmit- 
ter $ may be frequency modulated by identifica- 
tion signals which may be single letters consisting 
of dors and dashes. As the craft directional 
antenna ] is pointed towards the beacon trans- 
 mi$ter , if is desired that the beacon receiver | 
shall receive these dors and dashes and present 
themvisuallY on the indicator  as shown in 
Fig. 1. 
The directional part o£ this indication is au- 
S0 tomatically taken care of by the indicator sweep 
voltage rotating in azimuth in synchronism with 
the azirnuthal rotation of the directional antenna 
] in a manner similar to existing radar systems. 
 " The ilentification part of this indication, that 
5 is, the formation of the dors and dashes |29, |0 
and | on the indicator 2 will be more fully ex- 
. plained in connection with Fig. 2. 
Fig. 2 shows a typical beacou frequency mod- 
ulated transmission plotted against time. îaus, 
40 it is seen that the beacon transmitter 3 transmits 
a Ïrequency of F for a certain rime in portion 
A of the wave form; sharply jumps fo F and then 
gradually changes ifs Ïrequency fo F, in portion 
B oÏ the wave Ïorm; jumps to frequency F, and 
45 then transmits F for a certsin thne, in portion 
C of the wave form, this sequence being con- 
tinuously repeated. The lines 120, ]| and 
etc., represent the Ïrequency excursions of he 
panoramic receiver | p]otted against rime. Thus, 
50 as the receiver ÏrequencY increases along line |20, 
it receives a response fo the Ïrequency F which 
is then being transmitted by the beacon. The 
length of rime of reception indicated by. the 
heavy line |2}' is determined generally by the 
55 I. F. bandwidth of the receiver. 
On the next ïrequency excursion of tlae re- 
ceiver, represented bY line | 2 |, a similar response 
to frequency F, as indicatcd by the heaVy line 

modulate the carrier frequency of transmitter 3 12', is received., lesponses 128' and.121' coin- 
proportionally to a coded identificatior sgnal, 60 cide in frequency and p.roduce a short signal |2 
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or a "dot" on .ttie.. cathode ray 2ndicator Screen. .that i; befbze, the associated:time.constants wfll 
The next frequency excursion, indicated by line -allow sucti in a free running state. Thus, one of 
122, receives a response |22' at some frequency the wave forming circuits must bea free running 
between i2 and F3. The following four excur- multivibrator te initiate the first cycle, although 
sions, indicated by lines 123, ]2,. 12. and:l6,. 5ï.ïtbecDmes a triggered multivibrator for succeed- 
al! receive responses between F2 and F3, andïtïis. ing cycles. 

noted that these responses o.ver2ap,,producing, a 
long continuous signal, or, a.."dashï .11}' on.he 
persistent cathode ray screen, Thenex-t two fe 
quency excursions indicated by lines 12 and 128 10 
receive responses ai frequency F, which 
sponses coincide fo produce signal 13 I. 
Thereïore, it is seen that the visual:.rspónse 
indicated along the raùial sweep trace of the 
cathode ray indicator. I0. v¢ill 
sign. als .b2, /1} and I.l-d0,.a dashand a dot+- 
thereby identifying thebeacon.. Ttiere is no syn- 
chronism beween therepetition.rate offthe ïre- 
qency moduiated beacon, transmission .and 
repetition rate of the receiver frequency excur- 20 
 sions. In aprefemîed, embodiment ci. the inven- 
tion if. is desirable that. the..receivr., rp_ëtition 
rate be many rimes that .oï the tansrr/itter repe- 
-tition .rate. If..is atso., desirable.t0 separate the 
transmitted, frequencies, ,namely:;. 
F.:rom Fso .that there will-beadeq!ate spaCing 
between the visuaLsignals 
Fig. 3 illustrates aschematic.bl0ckdigam 
an- embodiment.ofabeacon.transmitter compris- 
-ing ntenna ; a pover output .stage. 60.opera- 
-tivcly connected te.an, oscfllater.stage ] ' wlïich 2n 
'turn. is operably ,connected.to..modulator_.8. wave 
forming circuits. These. sv,e. foming .circuits 
p_erïorm the .ïunction.. of. pr.oviding, th c.oded 
waveïorm modulation, that is, prov-idin-a wave 
f:orm,such as-.that illustrated in.F.ig.. 2.. The.wave 
iorming operations may be. performed as .itaught 
.by., the..invention bY, suitable combinations oï os- 
cillators, recangular..wave, generators .and..saw- 
tooth wave«generators. Thus,.the.comlqléx wave 40 
form of Fig:. 2 may: be broken clown söllows; 
portion A is a rectangular wave oflow ampIitude, 
.portionBcompr.ises a .sa.wtoo.th.waw. plus_.a rec- 
tangular-wave .of ahiher, average2eeL.andpor- 
tion. C, a r,ectangular, wae hawing a still higher 45 
average.lev_el. Each portionof tlie. complex wave- 
:is-generated by che. of the separate generators 
and.their o.utputs are combined tegethez, in_ the 
.desird sequence, by .combining. ,means $ and 
then:pplied to:modñlator. 
The separate, wave..forming circuits illustrated 
in Fig.. 3 comprisea .rectangular 'wave genator 
64, op.erable fo. proida portion A of the- vave 
form; a sawtooth voltage generator. 3 to .pro- 
vide..the sloping par, that is, portion B, of the 55 
wave form; and another rectangular wave- gen- 
erator  fo ïorm the pontion C. Che. of the 
r.ectangnlar wave generators should bea free run- 
ning multivibrator to initiate the cycle. Each of 
the thr wave forming/generators is arranged fo 6O 
be triggered ai the. conclusion of the preceding 
portion of the wave form, and fórm a closed 
chain in one position of.switch.. 
The sequence of the operations will now be con- 
sidered Assuming tha# rectangular wave. gon- 65 
eater 4is a fzee nmningmultivibrater, If initi- 
.ates the cycle, formsportion.A- of«the wave form, 
and af the conclusion- thereof, triggers sawtooth 
generater . Savtoothgenerator  forms portion 
B of the wave form and atthe completion-there- 7o 
of, triggers rctanguiar wave generator-, which 
forms portion C. Af the conclusion of portion C 
of. the wave form, a trigger is sup!olied to rec- 
tangular wave g.enerater. 
causing if t0 initiate a new cycle prematurely, 75 

A separate recurrnce oscillator 62 might be 
used thnaugh= the other position of switch §9, 
solely:£ control the repetition frequency, but if is 
hot necessary.iI one oï the wave ïorming circuits 
is.a free running oscillater. 
Fig. 4 is a schematic diagram oï an embodi- 
:ment.. 0£ the modulater 8 circuit adjusted for 
generation oï an "R" or dot-dash-dot code. Re- 
ferring te the sketch, the circuit of vacuum.tube 
Ill.is a.selï-oscfllating_ type ofmultivibrater;, tube  
20. and tube 30 circuits .are ',one shot" multivi- 
brators,, that is, must be triggered each_ cyCle; 
tube 4 is a cathode ïoIIower and mixer, and.tube 
50 is a D. C. resterer. 
The sequence oï operations may be described 
by,. referring..te the wave. forms oï. Fig. 5 Which 
each_have the saine number, plus a prime mark, 
as .ttie circuit comportent where they occu, 
instance, plate I 
Assume that plate I I oï free running_-multivi- 
brater tube 10 is conducting, plate 12 is not con- 
ducting,.as grid I. is held below cutoff by. a'charge 
on capaciter I . When capacitor I l discharges 
snfliiently through resistor 18 te reach the cut- 
off voltge level of grid 
conducts and grid 16 is driven below cutoff. This 
results .by. well known .multivibzator action, in a 
square, voltage, wave on plate I],.shown as vave 
form I1" ofFig. 5,. the duration of the positive 
.portion of which ïS determined by the rime con- 
stant ofresister 8 and capaciter 9. Ina speciflc 
embodiment where resister 8 is equal fo 1-.megohm 
and condensez 9 fo .002 miCroïarads, if. will take 
approximately 3500 microseconds for grid 16 te 
fise fo cuteff level as condenser 9 must charge 
.£com---260 volts, toward -F40 volts and cuteff is 
zeachedat -- 12 volts bias. 
Ttïe resistor. 18,. capacitor IT rime constant is 
chosen large -fo hold .gr,id I_ cuteff for. ttie re- 
mainder oï ttie modulation cycle. The square 
wave I I' iS thon differentiated by condenser 
and resisters 21 and 21' thus producing, a. wave 
.ferre 2§' illustrated in Fig. 5  which is ttien ap- 
plîed., te grid 25 of tube 20, which grid is ner- 
mally, at.zero bias. The negatiVe pip correspond- 
ing fo the negative going edge oï.square wave I I' 
drives grid-2 below cutoff.momentarily, and.plate 
22 oï tube 2 thereïore stops conducting, giving 
fise fo a square wave 22, thepositive duatiOn 
of which is determined by the rime constant of 
resistor 21 and capacitor 28. For purposes of 
illustration in a specific application,if resitor 
is equal fo one megohm and condenser 28 is equal 
fo .008 microfarads, if wIll take approximately 
13,000 microseconds for grid 2 to fise to cutoff 
potentisl since if must fise exponentially from 
--260 volts fo -F40 volts. 
This square wave 22' of Fig. 5 is differentiated 
by the differentiating circuit comprising con- 
denser 3 and resistors 1 and 1' thereby.pro- 
ducing wave form 3' which is applied fo grid 
of tube 30 which is normally af zero bias, and the 
negative pip corresponding to the negative going 
edge of square wave 22' causes grid $ to be 
driven momentarily below cutoff. This results 
in a square wave- 2-' occurring t plate 2, the 
positive duration of which is determined by the 
rime constant of resistor $1 and capacitor 29. 
This rime constant has been chosen for illustra- 
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tion fo be equal to that of capacitor 9 and resis- 
tor 8. Therefore, the positive portion of square 
wave 32' is equal fo that of square wave  or 
approximately 3500 microseconds for the illustra- 
rive values chosen. 
The square wave 32' i. differentiated by the cir- 
cuit at 
which is applied fo grid  of tube 9. The neg 
ative pip of wave form $', corresponding fo the 
negative going portion of square wave 32', drives 
grid 6 momentarily below cutoff and a second 
cycle is thereby initiated. 
Returning fo the square wave 2.', it is a!so 
applied fo a network comprising the resistcrs 
and 33 and capacitor 39, thereby producing at 
grid 46 the wave form 46' which consists of an 
initial instantaneous voltage rise followed by a 
sloping voltage rise. The initial instantaneous 
voltage rise is determined primari!y by the ratio 
of the resistances of resistors 3 and 3 and the 
s!ope is determined by the rime constant of the 
total resistance of resistors ] and 35 and the 
value of capacitor 39. The wave form 46' is uti 
lized to obtain that portion of the modu!atiou 
voltage which produces the "dash" signal. 
Tube tO is a cathode follower which is used fo 
mix the.various wave forms previously discussed 
in the desired sequence and obtain a complex 
voltage output across ifs cathode output resistor 
4, which output is then applied fo the power 
oscillator, for instance, to the reflector of a klys- 
tron type tube, in order fo obtain the desired fre- 
quency modulation characteristic in the trans- 
mitted output. 
The square wave 32', previous!y mentioned, is 
applied fo grid t of tube . The average D. C. 
voltage leYel of grid 5 i determined by the bia 
supplied through switch 
In a similar manner, the seting of the potenti- 
ometer  through switch 3 determines the D. C. 
voltage bias of grid 4. and therefore the refer- 
ence ]evel of he "dash" wave Ïorm ' which 
applied fo grid . 
Tube  is a D. C. rstorer diode and restores 
the D. C. voltage level oî grid .6 fo the bias level 
of potentiometer . 
Thus, if is seen that the sequence of wave 
Ïorms producing the deired combined voltage 
wave form output ' across the cathode of resis- 
for ? of tube 49 is as follows: 
Portion (.): The D. C. voltage level across 
resLstor 4]., as determined by the bias voltage set- 
tings of potentiometers -3 and 5, is maintained 
for the duration of the square wave  ' as both 
grids  and 6 of tube 4 are af a fixed leve! dur- 
ing this period; 
Portion (B) : The sloping top square wave 46' 
is then applied fo grid 46 resulting in an initial 
sharp fise in cathode voltage followed by a slow 
fise due to the shape of this wave form; 
Portion (C): The square wave 3' is applied 
to grid 4 ai the exact rime that the sloping wave 
orm .'6' is decreasing fo its reference level. The 
amplitude of the (C) portion depends on the peak 
amplitude of square wave .2' nd the bias .applied 
fo grid 4. Ai the trailing edge of square wave 
2', the cathode o tube 4} again returns fo the 
D. C. reference voltage determined by the bias 
applied fo grid 46, and then the negative pip of 
wave form 6', corresponding fo the trailing edge 
of square wave 2', initiates a new cycle. 
As the frequency sequence of coded characters 
transmitted is determined by the relative voltage 
levels applied fo the out.put stage, which may be 
a klystron type tube, this sequence may be deter- 

mined by the settings of potentiometers 55 and 
51. For the wave form just described, an "R" 
code is produced, as the voltage sequence is dot- 
dash-dot. 
Fig. 6 shows how a dot-dot-dash code may be 
obtained from the same circuit. Assume that 
switches 2 and 3 are thrown fo the other poten- 
tiometers . and  and that their settings are 
such that the sloping top wave form 46' is added 
fo a low D. C. bias on grid 46 thus providing, a 
high level "dash" wave form and the square wave 
3.' is added fo a medium 
The resulting code will then be dot-dot-dash or 
"U" code, as illustrated. Portions A, B and C 
are slightly separated fo show how the combined 
wave form is composed of separate wave forms. 
With the circuit shown, an "S" dot-dot-dot code 
can also be obtained by adjustment of resistor 
3 such that a substantially flat-topped square 
wave is applied fo grid 46 oï tube 4. In this 
case, if the resistance oï resistor 3 is ruade, say 
nine rimes greater than resistor $8, the initial 
fise of wave form 46' wfll be practically the .full 
fise and if wfll be practically a square wave. 
The modulating wave form will then contain 
three stepped voltage levels. The multivibrator 
rime constants may be made adjustable so that 
these are of equal rime duration. 
If two rather than three characters are de- 
30 sired, this result can be obtained by adjustment 
of the potentiometer 4 or , such that the 
square wave applied fo grid t does hot reach 
a value above cutoff. A "dot-dot" or "dot-dash" 
can then be obtained by adjustment of resistor 
35 Codes of more than three characters may be 
obtained as follows. Successive dors may be gen- 
erated by the addition in the "chain," of a multi- 
vibrator, a cathode follower mixer, and a D. C. 
restorer for each dot. 
40 Successive dashes may be added in a similar 
manner by the use of a longer R. C. constant, an' 
R. C. network for sloping the top, and an addi- 
tional D. C. restorer and cathode follower mixer 
for each dash added. 
45 T'ne repetition rate is determined by the sum 
of the rime intervals for each wave form in he 
sequence. For example, with the dot-dash-dot 
described, a dot square wave width of 500 micro- 
seconds and a dash square wave width of 13,000 
5O microseconds, the rime per ycle wfll bé 20,000 
microseconds, which is a .repetition rate of 50 
cycles. 
Referring to Fig. 7 there is shown an embodi- 
ment of the invention which wfl!. provide any 
55 sired combination of characters, i. e., dors or 
dashes. This embodiment is designed fo pro- 
duce three character combinations or two char- 
acter combinations but may easfly be modified fo 
produce single characters or more than three 
60 characters. 
Referring fo Fig. 2 for purposes of illustration, 
this apparatus may be considered as consisting 
of generators of three separate wave form por- 
tions such as A, B and C, of Fig. 2 each of which 
65 constitute a portion of the desired combined 
wave ïorm. This mnbodiment of the invention 
provides a dot and a dash generator for each 
portion of the wave form, and a switch fo select 
the desired generator. The dot generators may 
70 include multivibrators md the dashgenerators, 
sawtooth wave generators, as previously explained 
.in connection with Fig. 4. Oue of the genera- 
.tors must comprise a free-rurming multivibrator 
to initiate the cycle. The combining means is 
75 shown in detafl, and comprises two cathode fol- 
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Aowertubeshich.combine: separte por.tionsAn 
ïthe.:aame manner: as previous]y.described,to pro- 
: duce the desired wave for_m. 
The operation is as follows. PortionA . pro- 
.. v[ded eiher .by .dash:generator - @ or.dot gen- 
 erator  L :and' the: desired of £hese two. outputs 
..ç-selec£edby:.switch-8..and supplied.to.grid 
4of:the cathode: follower tube 8...At the end of 
:he.first:çortion .o£.the-wave form atigger volt- 
. age: ::spplie.d:.from «the £rigger coect -9. to 
:tiate=portin.B of..e, combinedwave form by 
.the: eperation :of dash generator   and. dot. gener- 
:ater:ç..$. -e .£rger cirent 9 may.,compre 
-a .rct adapted.to, differentiate the square wave 
on,put« fçom dash:-.generator. . or dot::genera- 
tor. 
...Porgion B.:of .£he- wae., form. is .9rovided by 
-.either .dash ..generator .. .. or .dot :generator 
.asçelected by:switch8$ and it is.applied.£o the 
::grid:9 ofcathode.follower, tube8. These two 
:poiens are-combined.in.cathode follower.tnbe 
 .:8-and£heir combined .wave form is.applied to 
ï grd:.8 of .cathode .folioter. tube.  .. At .the end 
of:::por.tion..B, of. the. sequence, a. trigger As. sup- 
)plied by.ger c'ct 9-..to dash:generator 
.d.dot:generator 
:Portion C of the :wave form..is sUppld by 
either dash generator  or dot generator-, as 
. selected, by .-switch 8 .and. :it .is:applied to the 
.grid.ï82..of..cathode_ follower ube 8 . ,Tube 
:«combines:portion C' wlth the other.twoportio 
.£:and_B :and applies .the.complete wave .form 
. odu!ation to-the pewe oscillator.sage , which 
As:ee:adaped te. bave its frequency varied .Propor- 
:tionately .te. the apped wave. form_ and.which 
.ansmis the. yariable frequency-signal over. 
«tea. 86. Power. oscfllaor:.85, may be, :for. - 
=. stance,, a klysgron  type..tube,: havg, the_ fre- 
quency determing wavefform applied to_its 
,reflector. 
.t the.end of-potionC,a.trigger voltage is 
::«prov2ded. by .£rigger .ch-ct  92. for ..the. purpose 
of. initiang a. new..cye..This trger-voltage 
is connected by switch 8to dash.generator 0 
_ d dot: generator  if a .three character, com- 
«bationAs. desired, or to dash., generator 2 and 
-,:dot generator:$.. a two=character combination 
:«is:deed. us,. it.  se. £hat.the. recurrence 
Zped. :e:the s of the individual .wave form 
": daions. 
Diodes -9 $,: 9 , 9 ..and .. 9   are D...C._ resorer 
diodes to quicMy restore their associated, gri to 
-hegroper.bias ]evel. 
.Oe.of the generators.]2, ]$, ]4.and 
be.a free runng mtivibrator te. itiate the 
cycle. :Generators _..and- ï -should notbe, free 
ng- as- they- should hve no. output . the 
 two-character:Pesition ofswitch 8. 
:Sce:any changes cod be ruade.in :the 
above construction and many apparently, widely 
:different: emboments, of this .invention_ could be 
;.made without departg from the.sc0Pe thereof, 
:it is:tended -that ail matter contaed  .the 
:.above.descriptionor_ shown  the accompanyg 
'.awgs shall be.terpreged as illustr.ative and 
:-not -:!g sexe. 
ç_Ceram:subect matter disclosed  £his appli- 
.:caion .retated to. beac systems, as. in Fig... 1 
 .laèd.:.c0pendg application S. N. 740,693, 
:in:.the.name: of.David. E. Kenyon, filed Pril 
I0 1947. 
-at  claimed is: 
-1.-Me to traitait signals having..a recur- 
rent ,frequecy sequence comprising: a power 
:oscar,. mea to app]y..a. motivation  said 

8 
-:power. oscillator, andmeans to vary said:modula- 
:tion to provide said reeurrent frequency sequence, 
-comprising a recurrence: frequency, oscillator,«at 
.ieast one dot generator,-and at least one dash 
5 generator. 
2. Means to transmit signals modulated.by a 
recurrent frequency sequence, comprising an os- 
'cillator; means to apply a frequency ,modulation 
to said oscillator; means to vary said modulation 
10 to provide .said recurrent frequency sequence, 
comprising a recurrence frequency oscillator, ,.at 
least one sawtooth wave generator.operable:in 
response to. said recurrence frequency oscillator 
and at least one rectangular wave generator.0Per- 
15 able in response to one.of said sawtooth'wave 
generators. 
3. A transmitter adapted to transmit frequency 
modulated signals which are adapted to-bere- 
ceived by panoramic receiwfiui means, comprising 
20 a power output stage, a modulator adaptedto 
shift the carrier frequency of said power output 
stage according to a predetermined modulation 
pattern, and wave forming circuits to.generate 
said modulation pattern wave form, comprising 
25 recurrence frequency means, at least onesaw- 
tooth voltage generator, and at least one-rec- 
tangular wave geneïator, operable .in a prede- 
termined sequence of at least three frequencies 
in response to said recurrence frequencymeans. 
3o 4. NIeans to automatically transmit frequency 
modulations representing recurrent codes of any 
combination of ai least two characters including 
power output means, frequency modulating 
means adapted to modulate said power output 
35 
means including multivibrator wave forming 
means. 
5. iVeans fo automatically transmit freuency 
modulations representing recm'rent codes of any 
combination of ai least two characters kucludng 
40 
Dower output nïeans and frequency modulating 
means operatively connected fo said. power out- 
Dut means having ai least one sawtooth wave 
generator and ai least one rectangular wave. gen- 
45 erator. 
6. iVeans to automatically transmit freuency 
modulations representing recurrent codes of any 
combination of ai least two characters compris- 
ing power output means and frequency modulat- 
50 ing means having ai leat one dot generator and 
ai least one dash generator, and means tocom- 
bine the outputs of said generators in any desired 
sequence. 
7. Means fo automatically transmit modula- 
55 tions representing recurrent codes of any com- 
bination o at least two characters comprising 
power output" means, frequency modulating 
means having af least one sawtooth wave gener- 
ator and at least one recta.ngular wave generator, 
60 and means to combine the outputs of said gener- 
ators in the desired sequence comprising at least 
one cathode follower stage. 
8..Means fo transmit signals having a.recur- 
rent frequency sequence, co'mprising, a power 
65 oscillator;, means to apply .a frequency modula- 
tion to said power oscillator; means to vary said 
modulation frequency according to said recurrent 
frequency sequence, comprising means to initiate 
 the cycle of operation, means to create a wave 
70 form .having at least one portion of definite slope, 
at least one portion of zero slope, said. portions 
being separated by portions of substantially in- 
firdte slope including means to-adjustably ar- 
range the sequence of said portions. 
75 .9. Means to .transmit signals having a recur- 
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rent frequency sequence comprising at least one 
muitivibrator, at least one sawtooth voltage gen- 
erator, operably connected te said multivibrator, 
combining means responsive te said muitivibrator 
and said sawtooth voltage generator te provide 5 
a recurrent complex wave form, and power oscfl- 
lator means adapted te be modulated in response 
te said complex wave form, te thereby transmit 
signals having said recurrent frequency sequence. 
10. Ieans te generate signals having a recur- 10 
rent frequency sequence .comprising a free-run- 
ning muitivibrator, a sawtooth voltage generator 
operably connected te said multivibrator, means 
te combine the output wave forms of said muitivi- 
brator and said sawtooth voltage generator cern- 15 
prising a cathode ïollower having said separate 
output wave îorms applied te ifs separate grids 
and having the resuitant combined wave ferre 
output taken frein its common cathode, and a 
generator of radiant energy adapted te be fre- 20 
quency moduiated proportionally te said com- 
bined wave ferre. 
11. lIeans te transmit signals having a prede- 
termined frequency sequence, comprising a power 
oscillator adapted te be frequency moduiated, 25 
frequency moduiating means comprising a first 
muitivibrator, a second multivibrator the input 
of which is operably connected to the output of 
said first multivibrator, a third muitivibrator the 
input of which is operably connected te the out- 30 
put of said second muitivibrator, a cathode fol- 
lower tube of the type having two input grids, 
one of which is connected te the output plate of 
said second muitivibrator, the other of which is 
connected te the output plate of said third multi- 35 
vibrator and the cathode output of which is op- 
erably connected te said power oscillator. 
12. NIeans te transmit signals having a prede- 
termined frequency sequence, comprising a power 
oscfllator adapted te be frequency modulated, 40 
frequency moduiating means comprising a first 
multivibraor, a second multivibrator the input 
of which is operably connected te the output of 
said first multivibrator, a third multivibrator 
the input of which is operably connected te the 45 
output of said second multivibrator, and the out- 
put of which is connected te the input of said first 
muitivibrator at least one of said multivibrators 
being a free-running muitivibrator, a cathode 
follower of the type having two input grids one 5o 
of which is connected te the output of said sec- 
end multivibrator through a long rime constant 
circuit, the other of which is connected te the 
eutput plate of said third multivibrator and the 
cathode output of which is operably connected te 55 
said power oscillator. 
13. Means te generate signals having a prede- 
termined frequency sequence comprising a plural- 
ity of character generators adapted te produce 
wave forms of adjustable amplitude and du_ration, 60 
a power oscillator, and cathode follower combin- 
ing means, the output of which is adapted te fie- 
quency moduiate said power oscfllator and the in- 
purs of which are adjustably connected te the 
outputs of said character generators. 65 
14. Means te generate frequency moduiated 
signals of a recurrent sequence comprising a first 
character generator, a second character genera- 
ter adapted te be triggered by said first charac- 
ter generator, rime constant means te contre1 7o 
the duration of the output wave forms of the 
character generators, cathode follower combin- 

ing means» the input grids of which are connected 
te the outputs of said character generators and 
te separately adjustable bias sources, and a 
power oscillator, the input of which is connected 
te the output of said combining means and which 
is adapted te be frequency modulated propor- 
tionally te the input from said combining means 
te thereby provide said recurrent frequency 
quence. 
15. A modulator comprising a closed chain of 
character generators each consisting of a dot 
generator and a dash generator each member of 
said chain ..being adapted te trigger the succeed- 
ing member, first switching means adapted te 
separately choose either a dot or a dash output 
frein each of said character generators, second 
switching means adapted te vary the number of 
members in the chain, and combining means the 
inputs of which are connected te the selectively 
switched outputs of said character generators. 
16. A modulator comprising a closed chain of 
character generators each consisting of a dot 
generator and a dash generator each member of 
said chain being adapted te trigger the succeed- 
ing member, and at least one member compris- 
ing self-oscillating dot and dash generators, first 
switching means adapted te separately choose 
either a dot or a dash output from each of said 
members, second switching means adapted te 
vary the number of members in the chain, and 
cathode follower combining means, the inputs of 
which are connected te the outputs of said char- 
acter generators through said first switching 
means. 
17. A modulator comprising a closed chain of 
character enerators each consisting of a dot gen- 
erator and a dash generator each member of 
said chain being adapted te trigger the succeed- 
ing member, and at least one member comprising 
self-oscillating dot and dash generators, first 
switching means adapted te separately choose 
either a dot or a dash output from each of said 
members, second switching means adapted te 
vary the number of.members in the chain, and 
cathode follower combining means, the tnput 
grids of which are connected te the outputs of 
said character generators, said grids Being con- 
nected te separately adjustable bias sources by 
diode restoring circuits. 
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